Results Obesity, adult weight gain of C40 pounds, greater abdominal adiposity, and greater height increased the risk of ER?PR? breast cancer. The increased risk associated with postmenopausal obesity was limited to those who did not use hormone therapy (HT) at cohort entry (RR = 1.37; 95% CI, 1.05-1.78 for BMI C 30 vs. \ 25 kg/m 2 ; p-interaction = 0.14) and those who were not overweight or obese at age 18 (p-interaction = 0.06). The increased risk associated with greater abdominal adiposity was limited to those who were not also overweight or obese (p-interaction = 0.01). Neither obesity, abdominal adiposity, nor height was associated with the risk of ER-PR-tumors. Conclusions The effects of body size on postmenopausal breast cancer risk differed by hormone receptor subtype, and among women with ER?PR? tumors, by HT use and early adult body size.
Introduction
There is convincing evidence that high body mass index (BMI), a measure of overall obesity, increases the risk of postmenopausal breast cancer [1, 2] . It is likely that elevated estrogen levels, resulting from the conversion of androstenedione to estrogen in adipose tissue, as well as insulin resistance and chronic inflammation are the primary, interrelated mechanisms responsible for this association [1] [2] [3] . Weight gain in adulthood is also associated with increased risk of postmenopausal breast cancer [4] [5] [6] ; because adult weight gain typically reflects an increase in body fat, it may have a stronger influence on risk than postmenopausal BMI [5] .
Breast cancer is etiologically heterogeneous, and studies have shown that risk factors vary by tumor subtype [7] [8] [9] . The increase in both total and bioavailable estrogens due to obesity makes it likely that BMI and adult weight gain are more strongly related to hormone receptor positive than negative breast cancers [7] . However, relatively few studies have examined obesity with estrogen-(ER) and progesterone-receptor (PR) status jointly, and the results are mixed for ER-PR-tumors [4, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In addition, use of exogenous hormone therapy (HT) for relief of menopausal symptoms may modify this association further, with most studies suggesting that the risk associated with BMI is limited to non-HT users or former users [1, 12, 14, 17, [20] [21] [22] .
As abdominal adipocyte dysfunction plays a role in obesity-related chronic inflammation and metabolic abnormalities [23] [24] [25] [26] , the impact of abdominal adiposity on breast cancer risk is of interest. Different measures, including waist circumference, waist-to-hip ratio, and to a lesser extent, waist-to-height ratio, have been evaluated in this regard. As with BMI and adult weight gain, abdominal adiposity has generally been associated with an increased risk of postmenopausal breast cancer [1] . However, investigation of variation in risk by HT use [20, 21, 27, 28] and hormone receptor status of the tumor [13] has been limited.
We examined the effects of various body size indicators on breast cancer risk defined by joint ERPR status and potential effect modifiers including HT use, age, and BMI at age 18 in the large and diverse California Teachers Study (CTS) cohort.
Materials and methods
The CTS cohort was established in 1995-1996 when 133,479 active and retired female teachers, administrators and other public school professionals participating in the California State Teachers Retirement System completed an extensive questionnaire [29] . This baseline questionnaire covered a wide variety of issues related to breast cancer risk and women's health, including height and weight. Two years later, a follow-up questionnaire was completed which asked participants to measure the circumference of their waist and hips.
The CTS study has been approved by the Institutional Review Boards of the Cancer Prevention Institute of California, the State of California, the University of California, Irvine, the University of Southern California, and the City of Hope Medical Center.
Body composition assessment
On the baseline questionnaire, height (in feet and inches) and weight (in pounds) were self-reported for age 18 and at the time of completing the questionnaire. BMI for both time periods was calculated as weight (in kilograms) divided by height (in meters) squared. Extreme BMI values, defined as BMI at baseline \16 kg/m 2 or BMI at age 18 years \15 or C54.9 kg/m 2 , were considered unreliable and those women were excluded from analysis. Weight change since age 18 (in pounds) was calculated as baseline weight minus weight at age 18.
The follow-up questionnaire included a standard heavyweight flexible paper tape measure (calibrated in inches on both sides with each side being a different color to prevent errors in measurement) and written, illustrated instructions on where to self-measure waist and hip circumferences. Waist was measured as the circumference one inch above the navel. Hips were measured as the largest circumference between a woman's waist and thighs. Women were instructed to measure and record each circumference twice. For each circumference (waist or hips), if the two repeated measurements were within 3 inches of each other, the average was used in the analysis. If the two repeated measurements differed by more than 3 inches or if either measurement was less than 20 inches, the data were considered unreliable and the woman was excluded from the analysis. In addition, if the final waist and hip circumference values were extreme in relation to each other [i.e., waist circumference less than 26.5 inches (the 10th percentile) and hip circumference greater than 45 inches (the 90th percentile), or waist circumference greater than 39.5 inches (the 90th percentile) and hip circumference less than 35.5 inches (the 10th percentile)], the data were considered unreliable and the woman was excluded from the analysis. Waist-to-height ratio (WHtR) was calculated as waist circumference divided by height (in inches). Waist circumference measures visceral organs and subcutaneous and visceral fat, while hip circumference measures muscle mass, fat mass, and skeletal frame. Waist-to-hip ratio (WHR) is a measure of body fat distribution (abdominal vs. hip) but reflects both fat and muscle, whereas WHtR is considered a measure of visceral fat that is independent of height/body stature (Pearson correlation coefficient for WHtR and height of -0.15 in our study population) [30] .
In this analysis, waist circumference and WHtR were considered as measures of abdominal adiposity.
Validation study
As part of the dietary validation study of the CTS [31] , a trained interviewer took height, weight, and waist and hip circumference measurements on 317 study participants in early 2000. Pearson correlation coefficients were used to compare these measurements with the self-reported measures for the 313 women who provided height and weight on the baseline questionnaire (1995) (1996) and 251 women who provided waist and hip circumference on the followup questionnaire (1997) (1998) . These validity coefficients were the following: r = 0.93 for height, r = 0.87 for weight, r = 0.87 for BMI, r = 0.85 for waist circumference, r = 0.87 for hip circumference, r = 0.84 for WHtR, and r = 0.65 for WHR. Despite the several year time lapse and hence true changes in body composition, these correlations were similar to those observed in the Iowa Women's Health Study cohort, in which interviewers took measurements within 6 weeks of the self-reported measures [32] .
Follow-up
The CTS cohort is followed for new cancer diagnoses, death, and changes of address. Annual linkage between the CCR and the cohort membership is used to identify incident cancer cases occurring in California residents. The CCR is a state-mandated, population-based cancer registry covering the entire state of California. It has interstate agreements with 13 other states for case sharing purposes, is part of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program and is estimated to be over 99% complete [33] . The high standards maintained by SEER and the CCR mean that followup for cancer outcomes is virtually complete as long as the cohort members reside in California.
Linkage with California and national mortality records (the Social Security Death Master File and the National Death Index) is used to ascertain date and cause of death. Changes of address are obtained by annual mailings, responses from participants, and routine record linkages with multiple sources, including the US Postal Service National Change of Address database.
Study population
For analyses based on weight and height data, we sequentially excluded women who at baseline were not residing in California (n = 8,867); had a prior (n = 6,211) or unknown (n = 139) history of breast cancer (identified by self-report or linkage with the California Cancer Registry (CCR)); were aged 85 or older (n = 1,981); were premenopausal (n = 47,715) or perimenopausal (n = 2,402); had unknown menopausal status (i.e., were younger than 56 years and had started HT (n = 4,796) or had a simple hysterectomy (n = 4,281) before experiencing menopause, or for whom data were missing or unreliable (n = 521)); or had missing or unreliable height, weight, or BMI data (n = 3,406). Women were classified as postmenopausal at baseline if: they reported experiencing natural menopause or that their menstrual periods had stopped more than 6 months ago; both ovaries had been removed; or they were age 56 years or older at baseline and had not been classified as pre-or perimenopausal. Women who were younger than 56 years at baseline and had either started using HT or had a simple hysterectomy prior to the cessation of menses and women who had missing or inconsistent data for the variables used to define menopausal status were excluded. Among the 53,160 women eligible for this analysis, 2,839 were diagnosed with invasive breast cancer after joining the cohort and before 1 January 2008. Of these 2,839 women, 2,321 (82%) had known ER and PR status for their tumor (1,652 ER?PR?, 338 ER?PR-, 312 ER-PR-, and 19 ER-PR?). Women with invasive breast cancer whose ER or PR status was borderline or unknown (n = 518) were excluded from all analyses; thus, 52,642 women were included in the weight and height analyses.
For analyses based on waist circumference data, we further excluded from the 53,160 eligible, sequentially, women who did not complete the follow-up questionnaire (n = 12,026); moved out of California (n = 448) or were diagnosed with invasive (n = 423) or in situ (n = 81) breast cancer between completing the baseline and followup questionnaire; or whose self-reported circumference data were missing or judged to be unreliable (n = 4,355). Among the remaining 35,827 women, 1,675 were diagnosed with invasive breast cancer after completing the follow-up questionnaire and before 1 January 2008. Of these 1,675 women, 1,377 (82%) had known ER and PR status (991 ER?PR?, 208 ER?PR-, 169 ER-PR-, and 9 ER-PR?). Two hundred ninety-eight with ER or PR status borderline or unknown were excluded from all analyses; thus, 35,529 women were included in the waist circumference analyses.
Data analysis
For height and weight analyses, follow-up time was calculated as the number of days between joining the cohort (i.e., the date the baseline questionnaire was completed) and the date of a first diagnosis of invasive (n = 2,321) or in situ (n = 625) breast cancer, a permanent (over 4 months long) move out of California (n = 4,539), death (n = 6,923), or 31 December 2007, whichever came first. For waist circumference analyses, follow-up time was calculated as the number of days between completing the follow-up questionnaire and the first of these dates above.
Competing risk analysis was used to estimate the risk of breast cancer by different hormone receptor subtypes (ER?PR?, ER?PR-, ER-PR-) [34] . For analysis of a particular subtype, women diagnosed with a different subtype were censored at the time of their diagnosis, thus contributing person-time to the analysis until that date. Women with invasive breast cancer whose ER or PR status was borderline or unknown were excluded from all analyses. There were too few ER-PR? cases (n = 19) to examine as a separate outcome. In addition, HER-2 status of tumors was not consistently available from the CCR over the time period included in this analysis and thus was not considered.
Relative risks (RR; hazard rate ratios) and 95% confidence intervals (CI) were estimated using Cox proportional hazards regression models with age (in days) as the timescale and stratification by age (in years) at baseline (or for waist circumference analyses, age at the completion of the follow-up questionnaire) to adjust for calendar effects. We assessed additional covariates separately for each hormone receptor subtype. Covariates were included based on prior knowledge [9] and their independent association with breast cancer risk by hormone receptor subtype in our cohort; variable definitions were chosen that best described the relationship with risk while preserving parsimony. Models predicting ER?PR? breast cancer were adjusted for age at menarche (years from B9 to C17), parity (parous, nulliparous) and age at first full-term pregnancy (years), history of a benign breast biopsy (yes, no), a family history of breast cancer in a first-degree relative (mother or sister; yes, no), alcohol consumption in the year prior to baseline (none, \20 g/d, C20 g/d), and use of hormone therapy at baseline (never used, past use, using estrogenalone therapy (ET), using combined estrogen plus progesterone therapy (EPT)). Models predicting ER?PR-breast cancer were adjusted for race/ethnicity (White, non-White including Latina), parity (parous, nulliparous) and age at first full-term pregnancy (years), history of a benign breast biopsy (yes, no), a family history of breast cancer in a firstdegree relative (mother or sister; yes, no), alcohol consumption in the year prior to baseline (none, any), and use of HT at baseline (never used, past use, using HT). Models predicting ER-PR-breast cancer were adjusted for history of a benign breast biopsy (yes, no), a family history of breast cancer in a first-degree relative (mother or sister; yes, no), average annual long-term (high school until age 54 or age at baseline if younger) moderate physical activity (hours per week), and use of HT at baseline (never used, past use, using HT) and its interaction with time-dependent age. When included as covariates, height at baseline was modeled in inches and weight at age 18 years in pounds. Analyses were repeated using a common set of covariates (including all of those described here) for all subtypes (ER?PR?, ER?PR-, ER-PR-).
We tested the assumption of proportional hazards for each covariate and main effect using a likelihood ratio test of interaction with the timescale (continuous age) based on cross-product terms. Covariates were coded as defined above, and the main effects were categorized as presented in the tables. The effect of hormone therapy use changed significantly with age for ER-PR-tumors; thus, an interaction term with time-dependent age was included as an adjustment factor. There were no violations of the proportional hazards assumption for any other covariate or for any of the main effects.
Likelihood ratio tests for trend across body measurement categories were conducted using an ordinal variable coded as the median value of each category. Likelihood ratio tests for interaction across the levels of HT use at baseline (never used, past use, using ET, and using EPT), age at baseline (\65 and C65), BMI at age 18 (\20, 20-24, and C25), and BMI (\25 and C25), separately, were computed based on cross-product terms with body size measures categorized as presented in the tables. To account for change over time, we repeated the obesity analysis for ER?PR? tumors allowing both BMI and HT use (as an adjustment factor) to be updated at later questionnaires, thus making these exposures time dependent [34] . BMI was updated in [2005] [2006] , and HT use (never used, past use, and using HT) in approximately 2000-2001 and 2005-2006 . If data were missing at a later questionnaire, the value of the time-dependent variable was set to missing until the next questionnaire or the end of follow-up.
Results
The postmenopausal women included in this analysis had an average age of 62 years (interquartile range (IQR), 56-70 years) at the time they joined the cohort (Table 1) . Average follow-up was 12.1 years for analyses using baseline measures and 10.1 years for the waist circumference analysis. Eighty-nine percent were Caucasians. At baseline, 21% of these women had never used HT, 13% were past users, 27% were using ET, and 29% were using EPT. The average age at baseline of HT users was lowest for EPT users (median = 58 years; IQR, 54-64 years) and highest for past users (median = 67 years; IQR, 59-74 years), with ET users and never users being intermediate (median = 62 years; IQR, 55-69 years, and median = 65 years; IQR, 58-72 years, respectively). Twenty-nine percent of women were overweight, and 16% were obese at baseline. Twenty-five percent had gained more than 40 pounds since age 18. Postmenopausal obesity, weight gain of C40 pounds since age 18, greater abdominal adiposity, and greater height were associated with a higher risk of ER?PR? tumors (Table 2) Table 2 were similar when adjusting all subtypes for a common set of covariates (data not shown).
We further evaluated the associations between body size and ER?PR? tumor status to determine whether they were modified by HT use, age, and early adult obesity. Compared to those with BMI \ 25 and who never used HT (i.e., using a common reference group), the increased risk of ER?PR? tumors associated with overweight and obesity were limited to those who were not using HT at baseline and were of a similar magnitude to the risk associated with ET use, with EPT use conferring somewhat greater risk than either obesity or ET use (Table 3) . When stratified by HT use, overweight and obesity were associated with an elevation in risk among past HT users (RR = 1.51; 95% CI, 1.06-2.16 for BMI 25-29, and RR = 1.50; 95% CI, 0.96-2.32 for BMI C 30 vs. \ 25 kg/m 2 ; p-trend = 0.05), but not among those using ET (RR = 0.97; 95% CI, ; p-trend = 0.01) and those for HT users (RR = 1.06; 95% CI, 0.91-1.22 for BMI 25-29, and RR = 1.07; 95% CI, 0.88-1.30 for BMI C 30; p-trend = 0.40) showed a similar pattern, but again, the differences did not reach statistical significance (p-interaction = 0.14). Similarly, adult weight gain increased risk only in women not using HT (Table 4 ). However, abdominal adiposity was associated with increased risk only in past HT users (p-interaction = 0.08) ( Table 5 ). While the effects of all three of these body size measures were somewhat greater in women who were older at baseline, none of the age differences were statistically significant (Table 3, 4, 5) .
Interestingly, compared with women who were lean in both time periods (BMI \ 20 at age 18 and BMI \ 25 at baseline), women who were overweight or obese throughout life were not at increased risk of ER?PR? breast cancer (RR = 0.96; 95% CI, 0.63-1.46 for postmenopausal BMI of 25-29, and RR = 0.98; 95% CI, 0.69-1.39 for postmenopausal BMI C 30; Table 3 ). The highest risk was seen in those who were lean at age 18 but obese in the postmenopausal period (RR = 1.66; 95% CI, 1.21-2.29; p-interaction = 0.06). A similar pattern was seen for weight gain itself (Table 4) .
Finally, we investigated whether the effects of abdominal adiposity, as measured by WHtR, differed by overall BMI. The increased risk of ER?PR? tumors with WHtR C 0.50 was limited to women who were not overweight or obese (Table 5 ). Compared to lean women with a WHtR \ 0.50, excess abdominal fat without overall overweight/obesity increased risk by 26%, whereas overall overweight/obesity without an abdominal excess increased risk by 51%. Among overweight/obese women, abdominal adiposity did not further increase risk (RR = 1.22; 95% CI, 1.03-1.43). When stratified by BMI, greater abdominal adiposity increased risk among women with a BMI \ 25 (RR = 1.30; 95% CI, 1.07-1.58 for WHtR C 0.50 vs. \ 0.50), whereas there was no increase in risk among women who were overweight or obese (RR = 0.80; 95% CI, 0.60-1.06; p-interaction = 0.01). A similar pattern was seen for absolute waist circumference (RR = 1.35; 95% CI, 1.11-1.65 for waist C 30 vs. \ 30 among those with BMI \ 25, and RR = 0.88; 95% CI, 0.50-1.54 among those with BMI C 25), although the interaction was not statistically significant (p-interaction = 0.21). ER estrogen receptor, PR progesterone receptor, RR relative risk, CI confidence interval, BMI body mass index a Models included age as the timescale, were stratified by age at baseline, and adjusted for age at menarche, parity, age at first full-term pregnancy, history of benign breast biopsy, family history of breast cancer, alcohol consumption, and use of hormone therapy. n = 43,441 women with complete confounder data were included in the analysis (n = 29,708 in the waist analysis) b Models included age as the timescale, were stratified by age at baseline, and adjusted for race, parity, age at first full-term pregnancy, history of benign breast biopsy, family history of breast cancer, alcohol consumption, and use of hormone therapy. n = 43,313 women with complete confounder data were included in the analysis (n = 29,621 in the waist analysis) c Models included age as the timescale, were stratified by age at baseline, and adjusted for history of benign breast biopsy, family history of breast cancer, moderate physical activity, and use of hormone therapy and its interaction with time-dependent age. n = 46,304 women with complete confounder data were included in the analysis (n = 31,532 in the waist analysis) ER estrogen receptor, PR progesterone receptor, RR relative risk, CI confidence interval, ET estrogen-only therapy, EPT combined estrogen plus progesterone therapy, BMI body mass index a Models included age as the timescale and were adjusted for age at menarche, parity, age at first full-term pregnancy, history of benign breast biopsy, family history of breast cancer, alcohol consumption, and height b Stratified by age at baseline c Additionally adjusted for weight at age 18 d Additionally adjusted for use of hormone therapy
Discussion
Results from our prospective cohort of California teachers show that postmenopausal obesity, adult weight gain of C40 pounds, greater abdominal adiposity, and greater height increased risk of ER?PR? breast cancer. The increased risk associated with obesity and weight gain was limited to those who were not using HT at baseline. In addition, neither of these factors increased risk among the small proportion of women who were overweight or obese early in adult life. Finally, we observed no additional risk associated with both overall and abdominal adiposity compared to either alone. Postmenopausal obesity, abdominal adiposity, and height were not associated with ER-PR-tumors, while weight gain showed some association with increased risk. Interestingly, adult weight gain increased risk of both the most common subtype of breast cancer, ER?PR?, and also the subtype with the worst prognosis, ER-PR-. For ER?PR?, there was a clear linear trend as the risk increased with greater weight gain. Whereas for ER-PR-, any weight gain appeared to increase risk, even at lower levels, although the number of cases was small.
Five cohort studies have observed an increased risk of ER?PR? breast cancer in postmenopausal women with greater obesity and/or weight gain [4, 12, 16, 17, 35] and a sixth found elevated but not statistically significant risks [36] . Findings for the associations between obesity and weight gain with ER-PR-and ER?PR-tumors have been somewhat mixed, with most cohort studies finding no statistically significant association [4, 12, 16, 17, 35, 36] or a reduced risk [16, 35] . A meta-analysis of body weight (based on BMI or weight gain if BMI was not available) in postmenopausal women which included four of these cohort studies [12, 17, 35, 36] found an increased risk of ER?PR? tumors (risk estimate (RE) = 1.74; 95% CI, 1.34-2.25 comparing the highest vs. reference categories), no association for ER-PR-tumors (RE = 0.90; 95% CI, 0.53-1.52) and a decreased risk of ER?PR-tumors (RE = 0.64; 95% CI, 0.42-0.97; including data from two of the cohorts), although the analyses did not exclude HT users in two of the four cohorts, thus potentially reducing the estimated effect for ER?PR? tumors [37] . A metaanalysis of adult weight gain in postmenopausal women who never used HT which included three of these cohort studies [4, 12, 36] found an increased risk of ER?PR? tumors (RE = 2.17; 95% CI, 1.48-2.85 comparing the highest vs. lowest quantiles) and no association for ER-PR-tumors (RE = 1.23; 95% CI, 0.57-1.90) [38] . In the [4] . Weight gain of 10-19.9 kg in that cohort was associated with an increased risk, but greater weight gain was not. The U-shaped risk curve we observed associated with weight change and the development of ER-PRtumors is puzzling. However, the similar results observed by the NIH-AARP cohort suggest further investigation is needed, perhaps through additional pooled analyses in order to provide sufficient statistical power. Taken together, these findings show the detrimental effect of adult obesity and weight gain on breast cancer risk. Our finding that being overweight/obese in later life does not increase a woman's risk of ER?PR? breast cancer if she was also overweight/obese early in adult life is consistent with results from the NIH-AARP cohort [4] . Among HT non-users in that study, those who were consistently overweight or obese at the age of 18, 35, 50 years, and study baseline were not at increased risk of overall breast cancer (RR = 1.07; 95% CI, 0.77-1.47) when compared to those who were consistently normal weight. Similarly, in the Nurses' Health Study, while the cumulative incidence of overall breast cancer among HT non-users was increased in those with above-average weight gain (RR = 1.19; 95% CI, 1.08-1.31), it was not elevated in women who were consistently obese at the age of 18, 50, 60, and 70 (RR = 1.06; 95% CI, 0.95-1.17), both compared to the 'average' woman, defined as someone who gained 19 pounds between 18 and 50 years [39] . The implication of these findings for more recent generations, however, is unclear as the relative contributions of heredity, overeating, and sedentary behavior to early life obesity may differ in older versus younger cohorts.
Our finding that neither early life nor lifetime obesity increased the risk of ER?PR? breast cancer points to adult weight gain as the primary, but modifiable, body size risk factor. Greater height was also associated with risk, suggesting that genetic as well as early life environmental, hormonal, and nutritional factors may play a role [1, 40] . The magnitude of the relative risks for both these factors was not large, that is, on the order of 35% in the highest risk groups; however, the prevalence of adult weight gain makes this of public health importance.
Few studies have examined the effects of abdominal adiposity on breast cancer by hormone receptor status. The Iowa Women's Health Study (IWHS) cohort found a waistto-hip ratio (WHR) C 0.90 increased risk of postmenopausal ER?PR? tumors (RR = 1.33; 95% CI, 1.05-1.70 vs. \ 0.90), but was not associated with ER?PR-or ER-PR-tumors [35] . Whereas the Shanghai Breast Cancer Study, a case-control study, found a greater WHR increased risk of both postmenopausal ER?PR? and ER-PR-breast cancer (odds ratio (OR) = 1.73; 95% CI, 1.21-2.48 for WHR C 0.843 vs. \ 0.772 for ER?PR?, and OR = 2.92; 95% CI, 1.78-4.79 for ER-PR-) [41] . In addition, a case-control study at the National Cancer Institute in Brazil found that waist circumference and WHR were not related to hormone receptor status in a population of predominantly overweight or obese postmenopausal women [42] . Our finding that the risk of ER?PR? tumors associated with a greater waist-to-height ratio, a measure more directly reflecting visceral fat independent of stature than WHR or waist circumference [30] , was limited to women who were not overweight/obese is consistent with these studies.
A potential limitation of our study is the possibility of error in self-reported anthropometric measurements. Such error could be the result of lack of knowledge, the desire to report a socially more normative value or measurement error (for waist and hip circumferences). However, to improve the accuracy of measured waist and hip circumferences, participants were provided with specific written and pictorial instructions and a standard tape measure and were asked to take and record their measurements twice. In addition, the prospective study design eliminated recall bias, and thus, if measurement error occurred in the selfreports, it was unlikely to differ systematically between cases and non-cases. Also, socially desirable responses would have been likely to attenuate elevated risk estimates rather than inflate them. Finally, in an ancillary validation study conducted within the cohort, comparison of the selfreported measures, including weight, height, circumferences, and indices derived from these measures, with measurements taken by trained interviewers suggested excellent validity (see Methods for specific Pearson correlation coefficients).
A further potential limitation was that hormone receptor status was obtained from the cancer registry, which obtains reports from different pathology laboratories throughout the state. These laboratories may use different assays and/ or cut points to define a positive receptor status. A study which compared SEER results to those of a centralized laboratory found substantial agreement for ER?PR? and ER-PR-tumors (kappa = 0.62 for ER?PR?; kappa = 0.69 for ER-PR-) but poor agreement for ER?PR-(kappa = 0.30) [43] , suggesting that the results are reliable for the more consistent subtypes. However, even if differences between laboratories occurred, they are unlikely to differ systematically by risk factors or body size. An additional limitation was that 18% of cases had hormone receptor status missing or borderline, due to less reporting of ERPR in earlier diagnostic years and thus were excluded from analysis. We compared breast cancer risk factors for women with (n = 2,321) and without (n = 518) hormone receptor status and found that those with a known status were slightly younger (median age at baseline 63 years, IQR 57-69 years compared to median age of 65 years, IQR 58-71 years for women with missing or borderline ERPR status) and somewhat more likely to drink alcohol (70 vs. 65%, respectively). There were no differences in any of the body size factors or HT use; thus, it is unlikely that excluding women with missing hormone receptor status would have biased the observed results.
A final limitation of the study was the small number of cases with ER?PR-and ER-PR-tumors and hence limited statistical power to detect associations for these breast cancer subtypes. However, since different hormone receptor subtypes may have different etiologies, making these distinction is important. In addition, our study included cancer follow-up through the end of 2007; however, among women in the CTS cohort who reported using EPT and ET in 2000-2001, 75 and 56%, respectively, stopped use by 2005-2006, presumably largely related to the media attention surrounding the publication of the results of the Women's Health Initiative trial [44] . Given that it is likely that current HT use confers the greatest risk of breast cancer, those women who ceased using HT during the course of follow-up modified their risk. Thus, the HT use categorization we used, which was based on baseline data and thereby did not capture quitting, may have resulted in slightly attenuated risks for HT users. We also did not capture women who may have started using HT around the time of their breast cancer diagnosis, although it is likely that this number was small. However, when we examined BMI and risk of ER?PR? tumors with HT data that was updated over time, our results were similar. Furthermore, as with any observational study, results could be due to chance or residual confounding.
Strengths of our study include the prospective design which eliminates recall bias, detailed risk factor information, and virtually complete case ascertainment that minimizes selection bias due to loss of follow-up. In addition, results from our validation study suggest that error in selfreported body measures is small.
In conclusion, our findings show that greater body size, including overall obesity, weight gain, abdominal adiposity, and height in postmenopausal women, increased risk of ER?PR? breast cancer but that these overall associations are likely to be modified by HT use. Among those who were overweight or obese early in adulthood, continued overweight/obesity did not increase risk, a finding that deserves additional investigation. Weight gain was associated with ER-PR-tumors, while overall obesity and abdominal adiposity were not. Thus, our findings support the importance of weight control for breast cancer prevention.
